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REVIEW OF ATR MORITORING FPROCEDURES

at
GLINTON TABORATORTES

I. INTRGDUCTION

The main emphasis on the measurement of radiation in air at Clinton
Laboratoriss was initially placed on the measursment of activity on

the plant.site and environs due to the gases smltted by the separations
plant stack. Ths function of these measursments was to be two-fold,

{1} to establish that there was no current radiation hazard on or
around the plant sits from radicactive gases (2) by the correlation of
radiaticon measuremsnts with meteorological obsmorvations to arrive at
evidence useful for the conditions at W. The extonsion of meteorological
obgervations both here and at W during the past year has indicated that
condlticns are go variable that the probability of obtaining useful
information frcm & comparison of the bshavior of the discharged gases
et the two si!ss 1s rather low. The radistion levels found here at
Clinton ars so low that it is difficult to conceive of conditions
changing to an extent that would produce a serious radiation hazard.

The function of the measurcmsnts is aimed, therefors, wainly at keeping
records to indicato that the gsneral population in and around the

Plant site has not bsen exposed to any hazard from radioactive meterials
in the stmosphers,

it has been proved by calculations thet the hazard from external total
body zadistinn from a radicactive atmosphsre is greater than the internai
radiation from inhaled and absorbed material, with few exceptions. One
gpecial case has to be considered, nawmely that of radiocactive Iodine,
all of vhich will be vsadily absorbed by the body and about 20% of it
retained by the thyroid gland. Continusd exposure to radiocactive Iedine
at a concentration of 1013 curiefcc has been calculated to be sufficiemt
to deposit and keep doposited in the thyrcid gland enough to cauwse 1 r

- exposure por day to that gland. The tolsrable concentratiocn for iodine if
‘the limit were defined by external radiation would ve 7 x 1012 curio/bc
For Xenon, ths toleran raneg concentration is taken as 2.3 x oL curie/fce;
for argon as 1.8 x 107° curiefcc.

If any =spprecicble portion of the activity in the air were dus to Jodino,
the interprstaticn of the sxternal radistion measursments would be difli-
cult, BEvldence from the work on stack gas monitoring indicates howsver,
that relatively 1little of the radlcactive Todlne excapes from the stack,
As a check on the possibls accumulation of radloactive Icdine in psrsomnslt,
selected mombexs of the staff wors tested for radiation activity of the
thyroid gland. Hone was found.
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II. CONTINUOUS MEASUREMENT OF THE BETA AKRD GAMMA ACTIVITY TN THE AIR

I11.

Victoreen Integrons

The Clinton program callied Pfor the uze of Victoreen integrons with
recordere for msaswing and recording the atmospheric radiation at
gelected points on and near the plant site and near K-25, ¥-12, Oak
Ridge Village and the Soiwvay Gate. Spscial housings were built so
that the ztmoaspheric air would have free access to the ionization
chambers bvut so that the parts conteining ths rscorder and other
mechanism would be kept warm. In this manner, atmospheric air con-
taining bote and gamma emitters could come in contact with the
integron chsmber. The regular intsgron chambers are a bakelite
composition material about 1.6 mm in thickness which will absorb
nearly all beta rays with cnergy below .7 mev. No attempt has bsen
made to date to ingtall chewbers on the integrons which will read

low enocrgy beta rays. This chenge has been omitted partly because (as
shown below) some x-ray and gamms emitters are in air contaminants

and would regicter, but mainly because we have bsen unable to bring
the integrom program Into opsration. Up to the time of this writing
the Health-Physice Section hag no useful records of activity es measured
by an integron outslde of the plant buildings or on the Reservation.
Tallurse i3 due to late delivery of tho integrons and to the failwre

of the integrons to operate satisfactorily after delivery., Thers is

2 goneral feeliing that a rscord on the chart of a Leeds and Rorthrup
recozded has more- value than a ssriss of entries in notebooks. I

do not suvseribs fully to this point of view. It should be emphaslzed
that an L & H chart 1s useless for legal records, umlsss the measuring
conditions that lead to the chart ars {a) proper for the possible
radietions, (b) clearly defined in the records. The overall picture
con frequently bo substantiated better by writien notes of observations.
Revertheless, the rolative ease of filing charts for future rofererce
is appreciated. To this oxtent the Clinton program has besn a disap-
pointment.

IRTERNAL MEASURRMENTS OF ACTIVITY IN THE AIR

%-20 Tonization Chawbers

In the absence of the originaily plarmed procedurs, 6ther metheds of
ovtaining data on the activity of gas on the roservaticn have beon used.

The X-22 chambers (Figure 1) ave condeunser chambera virtually of the
type of blown-up pocket meters. The chember length is about 8" amd
the outside dlemetor 7". The collecting volime jz.4900 cm”’, and the
electroststic capecity is 10 cm.

The chambers have bakelite walls 1787 thick, lined with esquadag. Thare
are not metal parts exposed inside the chambers, and, therefors, they
will be approximatoly wavelength depsendont end suitable for radiaticn
zeasurement dovm to rather lov energy z-rays, but all except the wvery
snargatic botas will b absorted in its wmilis. The chambers have bssn
calibrated against radimm gawewm-radistion, but it is lmown that the
vavelengih error vill not exceed 10% over the range contomplated.
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To measure the dischargs of these X-22 chambersz in the Tiscid =
regular Tictoreen mincmotor was converted to battery opsratiom

for portable use. (me scale division of the 0-100 mr scale of

the minometer represenmts 4 x 10-13 millirocentgoms exposwure. of the
3-22 chamber. A plot of scale remdings sgrinst oxposurs is lincar
over ths entire scale and bsyond. The scaic vas extended to cover
Eore than the original 100 divisions by making additicnal merks on
the scale. In this extended rsgion, however, the voltags of the
contral alectrode 13 low, being of the order of 20 volts and satur-
ation conditions ars somswhat open to qusstion. At the low lovels
of intensity to which thess chembers are subjected there is no
ovidence in praciice of a fallure of saturation.

Fifty pevcent of the chambers wers coanverted so as to be mensitive

to beta-rays by making b8 largs holes over the surface of the baksliis
wvall. These holes vers coversd in some cases by cellophane with inner
graphited suwrface, and in other cases by aluminum foil 0,001" thick.
Strict insistence on wavelongth indepsndence leads one to requirs the
cellophans typs, but in practics the alwminuvm foll hes been found to
be. much more durable. The X-22 meters were planned to be left outside
in all weather condition, being made with drip-proof lips to provent
loalnge of moisture irto ths chembers. The cellophanse rhawbsrs wore
not weather proof, as the cellophane expanded, contracted and wrinkled
with changes in weather conditions. MHoresover, thes vilolent rains
occagionally directly punctursd the uppor cellophans well. Ko such
difficulty has besn experienced with the aluminum wvall chembers.

Considorable timo was spsnt in preparing the insulators of the X-22
chazmbers in such a way that the leakege was satisfactorily low. The
tecinique used was to cut the surface of the insulator clean and dry
on the lathe and to polish the surface by lint-frse paper with
polystyrene dust. Urder this tresatment the insulation properties of
the insulators increassd for as much as one wesk after the operation.
Insulators of proper quality wers such that the leakage of the .
charber vas 3 or 4 divisions/hour. This corresponds to 0.012 to
0.016 mr/hr or to bstween 7 and 10 icn peivsfeccfmec. This is a very
rational valuve of tho natural background of rosidual icmization on
the plant site. In other words, the actual insuwlator leakage mccepted
was between 0.1 and % div/hr. This corrsspends to insulator resis-
tancs betweon 1019 and 1C'° omms., The insulator asecmbly wes Pirst
tostsd in small chambers 1o remove the largs loakags compcnent dus to
actuzl imnization. Although insulators of this qualiiy were laborious
to prepars, thers have been no subssguent difficulties either from
hunidity or other causes, despite the fact that these meteores have been
out in the field in all atmospheric conditions without the use of a
desiccant in the chambars,
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Drily measurements 1ve been wade at the following points; (indicated
on the map, Flgure 2), near the west rabbit cages on the plant site,
the west h11il £1, thy west hill #2, the strawberry pstch on the east
gide of the piant, tie east valisy, iccation A-8, A-i2 and A-21, The
average resding over a 2k-hour poricd has at no time excaeded three
times the natural ln.ckground at the given location. This dackground
1s the limiting vaiue of accuracy of the method.

J., S. Chska hag fillowaed the correlation betwesn wind direction and
stack discharge tnd the X-22 readings. Wienever the wind dirsction wvas
Pavorable for ths passage of staci: gas over a measuring station, 2
reading signifiently in excess o the natural background was cbtained.
The offect vas lulopsndont of whelizer the 205 stack was dischmrging
active gas or not. This epparsnt paradox led to the conclusion that
thore was znoiker source of activo gas in approximately the same loca-

tion,
A reviow of the situstion indicatel, of courme, that this source was

the activutc: argon emsrging from the 105 ctack. The estimated
quantities of active gas emitted at the prescat time ars ae follows:

Avor: Relstive Icnization
cu-ies/day ) At Y~
/
105 Stack-Argon &0 The 1500
. 205 stack - Zenon R4 1 1.2 5.3
205 Stack - Icdine 1 1 1,

Not only is the smount of argon greatfer than thal of the others, but
its more energstic radiation empiasizes the effect in- ths X-22 chambers.
Since the high readingas over a 2h-howr poried average not more than
0.02} nr/hr sbove background the iodins comtribwticn mmst be about

3 x 102 @r/or or & concentration of 5 x 1017 curiojec, This is woll
bolow toleorance. The Xenom igntribtrb::on doss not excoed 10°* mr/hr or
a concentration of 5.5 x 10™0 curiefcc. Let 1t bs cruservatively
asomed that the present average icdime concsntratioa 's 10-15 curiefec.
Then, if the argon hazard were elimineted, tho Clinton owsr could be
Increaged by a factor of 100 without excseding tclerance for icdine or
xenon in the stack gases. This is an oncouraging situation with
respect to W forecasts.

Under adverse wird conditions, the atack gaees ar¢ brought o ground

on the site for pericds up to 2 minutes. 1 mr/hr has been s> observed
and this might be dve mainly to xenon and i1cdine ectivitiss. idNech an
event gives 0.033 mr, or 3.3 =mr at 100-fold conceniration. Of thia,
porhaps 1 mr could bo dus to icdino radiation. The corresponding esount
of iodide would be bolow the pormissible daily amount for transfer to
the thyroid. A zsjor increase in Clinten power could, therafore, bo
tolerzated eveh under adverme weather comditions.







17, FATURE OF THR INCIDERT RADIATIORS

Consistently higher rsadings are obtained with the beta plus gansan,
ray meters than with the gewma ray meters, in the ratio of 10 to S.
As The beta ray vindows of the chezber occupy 424 of the wall, =
ccuplote bets ray wall would iead to 2 ratio of 1.25 to 1. This
ratlio seoms to be the same vhother there is activity shove the natuwes:
background or not; therefcrs,.thors seems to be no spsctiecular cass
of a atrong beta cmitter being present without accompanying gamme
radiastion in approximatsly normal proporticn. The chambers have
besn sxposed uniformly on apecial stands at a height of 5° above
ground. ' This cuts out the effect of amy local irregularities in the
ground level. It does mmke n slight uncertainty in the collesting
volume for different radiations. Effectively, hard gossa rays will
have besn counted from a hemisphers, whereas soft radiation, oither
beta or x-ray will have entersd from almost a sphers of radiation.
Careful attention to this point would be required if the meters had
ever indicated a significant level of radiation.

V., FILM METERS

Local monitoring with the X-22 chambers has been done on tho basis

of two or thres circults of the inner area per day. This would be

a time-consvaing procedures for the messurement of msters at the gates
or the reservation or in the populated areas. Thersfore, in the
absence of the intsgron recorders plammed for the gates on the roser-
vation, x-ray film hes been placed in these locations and metersd on

a basis of once per week, This has bsen done routinely since b/15/4L
at the Elze CGate, Solway Gate, White Wing Gate, and the Oliver Springs
Gato, The rogular film badges wers used for this purposs and both
bota and gamma ray measurcments vere obtainsd. Thers has never been a
measurable reccrd in 8 one.week pericd. In the intereat of Sscurity,
tho film badges vere contained in long wooden boxes with opsn louvred
sides to allow entrance of air coniining possible soft beta componsnts.
The boxzes also contained a recording maximmm and miniwmva theromstor
and a special evaporation motor. These wore inastalled prigmrily ao
thet 1f thoe boxes wore opened by unatithorized persons the main interost
would not be drawn to the film badges. It vas planned that one of the
filns would be left in a given locaticn for a periocd of cne momth to
seo if thore wore accummulisted exposures measureble in that time, but
oving to the mothod of interchaming the boxss go that they are not
opsned in thoe presence of gumrds or other spsctatorsz this has mot been
done., Scme film mwesurcments have alzo boen made of tho arsa at Lenoir
City by special arrzngenents and these, too, bave at no time chowm a
rsasurable activity.

VI. SFOT CEECES OF AREAS SUSPECTED OF TEMPORARILY IRCREASED ACTIVITY

During pericds of dischsrge fyrom the Separations plant stack it is
possible to follow the course of the activity by observing the brown
nitrous fwws, In the absence of evidence %o the contrary it is goneraily
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aggumed that the active olements will Pollovw the path pursued

by the browa fumes. " In this manner, 1% is possible to obtain
spot checks on the radiation at ground lovel by pursuing the
vlume of brown fumes, wnder favorable wind conditioms. This

hag been done somevhat sporadically both by moans of icnizatim
chambors and countera., A thin-walled Lauritasn electroscops has
tsen used in goneral for this worlk, Thore ars nov sight entries
in the record of the brown fumes descemding to ths ground in
concentrations detectable by senss of smell, On three of these
occasions a measurablo radiation level was found. Within Lhe
confines of the plant, lovels of I mr/hr for a pericd of 1 or 2
minutes have bosn obsorved. Further afield vhers tho amoks is
liable to touch the grownd for a ionger period but after groater
dilution, no measursble activity has been recorded to date. It
iz poneible though that had countors been used at the right ties
soms further readings would have been obtainsd. It is planned by
K, Z. Morgan %o linstall, in theintegron houses, counters that will
operate ln this way. These would glve spot indications of short-
torm incresses in the atmospheric activity. These readings will
be of particular value for corrsletion with the meteorological
conditions, but as far as any actual hazard to perscmnel is
concernsd, the msthod of integrating the dosags over an S-hour
or 2hi-hour period 1s entiraly adequaie.

LARORATORY METHCDS OF GAS MONITORING

Two mothods of memsuring the concontratioa of active gas in and
around the laboratory have been umed.

1. Opsn Counters

Portable glass-walled counters with a scaling circult or
occasionally with a counting rate meter have been used to
moasure activity. With the eguipment available here it has
been foumd practicabls vhenever posaible to use AC operated
equipment in preference to ths awailabie battery modols,

K. Z. Morgan has designed several models in which different
caps can be placed remdily over ths counter to sawple bota
rays of different emergy and tc give soze messure of gasEn
activity. Witk roforence to tha calibration, it is assumsd
that any bets particle will produce about T5 ion pairs psr
cc. in alr, frem which the converaion of beta courte to
icnization in ¥erms of veps (rosmtgen equivalent physical)
cen be mads. If § bo the numbor of counts per mizute in a
thin-wnlled counter of flat plate arsa A ca© the dosage rate

iz approximately 2.2 x 310-3 x§ mrep/hr. Cemma ray calibration

A




cen best be done by oxpoaurs of the tubs te a radium
gource, The use of counters for health measurements
of quantum radiaticn is valld only for high.energy
radiation.

The mathod has two objections, nemely (1) the results are
disturbsd by the presence of beta contamination on surfaces
in the vicinity, (7} it is not possible to follow the decay
of the geseous activity due to the transient naturs of the
conditions vhen gases are being emitted.

2. Standsrd Gas Sampling

Sampling has besn carried out by strong steel cans of volume
approximately 10.5 liters, which can be evacuated and taken
to the measuring sitec. When & gas sample is required, the
Hoke valvs on the can is cpened {0 admit gas to thse vessgel,
In this manner, either a seriles of samples can be takon
simaltanscusly at varicus locatisns, or a2 successive series
at different times in the same location, Balance of the gas
monitoring equipment consists of a counter in a specially
constructed lead chamber which is air tight. This chamber is
previously evacuated, being sure that the high voltags is re-
moved from the counter before the evacusticn proceeds. Active
gns is then shared beotween the sampling can and ths evacuated
chaombey, Thoe volume of the counting chamber ism approximately
- 1,7 liters; the final pressure after sharing gas, is 0.86
atnogphore. The wacuum requirezments of & closed chamber are,
therefore, not stringent, and it is possible to maintain the
panpls in the chamber for several days with littls loss of g2s.

The methcd used today has bsen somi-quantitative only. For
accurate measursmente, it would he necessary to standardize

the system by samples of knowm concentrations of the reguired
active gases. It hzs bhasen sufficlent to extrapolats the count
obtalned in the small counter chamber to that which wouid be
obtained at the center of am infinitely largs spherv of the same
nature of active material, by applying an extrapolation factor,
For bata radiation, this factor is aspproximately the ratio of
the zange of the particles of average onergy to the effective
radius of the counting chasmber. TFor high energy psrticles (for
oxample the beta particles of radiocactive argon) this factor is
approximately 60, a close acceptance of the numerical valuo
would bo out of ordor. For gamma rays in the gas, tho extrapo-
lation methed 18 no more szatisfactory. Elezments meesursd to date
have begg argon, xenon, icdine. The half-l1ife of radlocactive
ergon A7 ag measured by the sysier 1s 117 minutes. Thers is
no roady oxplanaticn for the excess of this over the accevted
110 minuios, as the obvious corroction factors would both tond
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to reduvce the apparsnt psricd. If the counter chamber
leaks, then either air will enter and increase ths absorp-
tion of radiation in the gas, thersby reducing the count

in the chember, or the radiocactive gas itself will escaps
from the chember. In either case, the half-life would
decrease., For the activity of the 5.4 day xenon, the
extrapolaticn factor is only 3 and, thersfors, the results
are more nearly quantitative. On the one coccmsion vhen &
strong concentration of radionctive iodine was sampled, the
mothod broke down. It was found that the counting rate was
unchanged vhen the chambeyr wms evacuvated and refilled with
clean alr. Investigation indicsted a layer of radiosctive
lodine deposited on the countsr tube and on the walls of
the vessel, This experimsnt waes fruitful only in verifying
the 8-day hmlf.1ife of the iodire., Presumably, a lmrgs
Traction of the activity had also settled cut om the inside
of the sampling can befcrs the test was completed, Procedurs
wes ovidently quite unsuited for the sampling of the vapor.

Monsurement of Alphn Activity

Alpha particle activity in the air has been investigated mainly

by the precipitator method. Air was drawn through a precipita-
tor of the Cottrell kind, modified to have a flow of 11-1/2 cu.ft.
of air/minute inatead of the 3 cu.ft./sinute of the commeroial
model., A metal tubs was substituted for the original glass

tube of commercial models and this was lined with aluminum foil

on vhich the dust and active particles were precipitated by
eloctrostatic action. The aluminum foil was transferred to a
special linesar-amplifior chambsr for direct alpha count. Attempts
to assay the concentration of long-lived alpha emitters such as
the dust from uranivm and thorium metsls wvere obscured by the
deposition of active doposits of radon and thoren existing naturally
in the atmosphers. The precipitator method was used to determine
the concentraticn of radon and thoron in the air as a quantita-
tive check on tho methed. The cbssryed copgentrations of radon
have renged from 1047 curi;/cc to 5 { 10~4° curie/cc and for
thoren from 8 x 20719 curie/fec to 10717 curiefoct These can be
cemparyaed with the accegted values for radon concentr=tion ranging
froa 2 x 1617 to 10710 curtefcc. The close agrsement of the
precipitator resulits with those obtained by standard mothods
Indicatos that ths pracipitator method is not far from quantitative.
The collectlion efficisncy of the precipitator is not accurately
known, nor is it certain that it is alweys constant. The value
wsed hes been 704 efficiency at a flow of 11.1/2 cu.ft./mimte,

% Radon concemiration is greatly affected by rmin, etc. AL
e given location 1t is sensitive to changes originmting elsevhere,
since the 3,85.day half-l1ifs of radon glves time Tor considerable
travel through the air.
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Almost 1009 efficiency has been demensitrated st o flov

of 5 cu.f%,/minute, and whenever the activity to be

checked 1s sufficiently high it is good practice to use

the precipitator at a reduced rate of flow. The concen-
trations of radon or thoren in the air are obtained by
roference to the special decay curve of the activity over
the given psriod of cbservation. These have been svmluated
by Coveyou. Aftor 6 houra, the radium active deposit of
short-1ife has virtually disappsared and the residual
activity is thon mede up of the thorium active deposit plus
long-1life emitters. The decay of the thorium activs deposgit
is governed at all times by the period of Th B(10.6 hours)
and this haif-1ifs ia troublesoms for the accurate measureo-
mont of low activities. If a count is determined 6 hours
after the collection of samples and sgain on the following
day, the fraction of the total count due to the long-1life
activity can be ccmputed. If P be the number of counts/min
in the special cylindrical chambor at an estimated 45¢
geometry, and the alr flow was 11.5 cu.f%./minute for 2
time T minutes, then the concentration M of the long-life
enitter is - :

M=z hbx 1018 x-%— curie/cc, or
b.h x 10715 xg wicrocuries/liter.

 The activity can readily be transisted into micrograms/cc

vhen the nature of the emitting substance is dmown. Further
details of the precipitron procedure as used here and soms
meaguring results of the activity in the laboratory will be
given elssuhere (CH-H 1392) :

J. S, Chexa and T, 8. Block have mnde the obssrvations with

the X-22 chawbers. D. J. Rendell and T. V. Sloss have done most
of the measursments with the precipitrons. L. H. Weeks has:
operated the £ilm badges at the gatea. Other monitoring devicss
have been used by almost all men in the Section.

*ROTE; Slight sditorial changes made

by Dr. R. S. Stone and not
reviewed by H, M, Parker.




